Introduction
The prevalence of both diabetes and dementia increases with age, reaching rates of up to 14% for dementia [1] and approximately 14% for diabetes at the of age of 80 and above [2] . Type II diabetes has been demonstrated by many [3] [4] [5] [6] [7] [8] , but not all [9, 10] studies to be a risk factor for cognitive decline, mild cognitive impairment and dementia [3] , both vascular dementia [11, 12] and Alzheimer's disease [13] . The deleterious effects of diabetes on cognition may not only be evident in higher rates of conversion to dementia, but also in faster cognitive deterioration than that typically found in those without diabetes. Previous studies describe varied findings regarding effects of diabetes on the rate of cognitive decline with the majority suggesting an increased rate of decline [14] but some suggesting no association [14] . Variations may be attributed to differences in operationally different definitions for diabetes, duration of exposure to diabetes, antidiabetic treatments, degree of glycemic control, duration of cognitive follow-up, cognitive status at baseline and cognitive assessment tools.
Interestingly, despite diabetes being a potentially modifiable risk factor and despite the relative consistency in reports demonstrating the association of diabetes with cognitive compromise, cognitive assessment is usually not performed as part of the routine evaluation and follow-up of diabetic patients. If such assessments were to be made standard, the selection of optimal screening tools for detection of cognitive changes in diabetic patients as part of routine clinical assessment would likely vary according to a patient's age and cognitive status. The aim of the current study was to assess the effect of diabetes on the rate of cognitive decline using the Mini Mental State Examination (MMSE) [15] , in a cohort of elderly subjects with a broad range of dementia severity. Subjects were stratified according to the Clinical Dementia Rating (CDR) scale to nondemented (CDR = 0), questionably demented (CDR = 0.5) and demented (CDR 6 1) groups, thus allowing for examination of the effect of diabetes on the MMSE score decline at different stages of the dementia course.
The cohort consists of nursing homes and assisted living residents, who constitute a growing proportion of the elderly population, reaching up to 40% of Americans over the age of 65 years [16] . Thus, characterizing the relationship of diabetes with the course of cognitive decline in this segment of the population is warranted.
Methods

Subjects
The sample consisted of 342 residents of the Jewish Home and Hospital (JHH) Bronx and Manhattan divisions, both skilled nursing facilities, and Kittay House, an assisted living facility affiliated with the JHH. The Mount Sinai School of Medicine has had an academic affiliation with the JHH for more than 25 years. As part of a program project on Clinical and Biological Studies of early Alzheimer's disease, each new long-term resident admitted to the JHH is administered an MMSE and assessed for further inclusion in memory and aging projects led by the Department of Psychiatry, Mount Sinai School of Medicine. All participating subjects were English or Spanish speakers (staff included both English-and Spanish-speaking psychometricians, and the psychometric instruments were administered in the subject's language of choice). Subjects were included in the study if: their baseline MMSE score was between 10 and 30; they had at least 1 follow-up assessment; their medical records were available for review of diabetes status, and they had complete demographic data (age, gender, race and education). Subjects were not included if they had a baseline diagnosis of cerebrovascular disease or a neurological or psychiatric disorder that might affect cognition, such as Parkinson's disease or schizophrenia. The mean length of follow-up time was 2.95 years (SD = 1.67). The total number of assessments among the 342 subjects was 1,234, and the range of number of annual assessments per subject was 2-16 (mean = 3.61; SD = 2.64). Subjects with baseline MMSE scores below 10 were excluded in order to minimize floor effects. All follow-up assessments after the subject reached 0 points on the MMSE were also excluded.
Assessment Procedures
Mini Mental State Examination Each subject was serially assessed at approximately annual intervals with an MMSE (assessment intervals were within predefined windows of 12 8 3 months to avoid confounds introduced by medical illness and other life events). The MMSE is a commonly used 30-point scale for assessing cognitive function in the following areas: orientation, registration, attention and calculation, recall, language and praxis. MMSE administration was performed according to existing standards [15] , with the spelling of the word 'world' backwards used exclusively for the 'attention and calculation' domain, as opposed to the alternative serial 7s.
Clinical Dementia Rating A CDR scale was administered to each participant at MMSE baseline. The CDR is an established instrument for assessment of cognitive function and performance on a 5-point scale in both clinical and research settings in 6 domains: memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care [17] . A score for each domain is established by semistructured interviews with the participant, as well as a separate informant interview with an individual familiar with the participant (usually a family member, nurse or certified nursing assistant). Scores are 0 (nondemented), 0.5 (questionable dementia), 1 (mild dementia), 2 (moderate dementia) and 3 (severe dementia). All psychometricians were certified in the CDR administration (http://www.alz.washington.edu/NONMEMBER/cdr2.html).
For the purposes of the present analysis, subjects were stratified by dementia severity as nondemented (CDR = 0), questionably demented (CDR = 0.5) or demented (CDR 6 1), and the MMSE (not the CDR) was the dependent variable. Loss of independence in subjects included in the CDR = 0 group was due to reasons other than cognitive, usually sensory limitations and physical disabilities.
The diagnosis of mild cognitive impairment requires neuropsychological assessment [18] (beyond the MMSE) that was not available in this study. Although the CDR = 0.5 category and mild cognitive impairment diagnosis are correlated, there are discrepancies in their classifications [19] . Therefore, we designate the CDR = 0.5 group as 'questionably demented' rather than calling them 'with mild cognitive impairment'.
Diabetes Status
The JHH maintains extensive medical records on all residents, with a medical history at admission, a medical examination monthly thereafter and a fasting blood glucose level at least yearly. Medical management, including medication administration, is primarily performed by staff. Patients were diagnosed with diabetes by a geriatrician or an internist based on the American Diabetes Association criteria (symptoms of diabetes plus casual plasma glucose concentration 6 200 mg/dl; fasting plasma glucose 6 126 mg/dl; 2-hour plasma glucose 6 200 mg/dl during an oral glucose tolerance test). Impaired fasting glucose was defined as blood level of 110-125 mg/dl (6.1-7.0 mmol/l). Subjects taking antidiabetic medications also received a diagnosis of diabetes. The diagnosis was ascertained from detailed review of all medical records and medical history. Subjects who had high fasting blood glucose levels but did not match clinical criteria for diabetes were not included in the analysis. The present analysis included only subjects with type 2 diabetes or no record of diabetes (absence of reported history or medications for diabetes, and failure to meet blood chemistry-based criteria). Medication use statuses were not consistently available to us, nor were measures of diabetes duration prior to JHH admission.
Covariates Age, gender (male reference group), race (Caucasian reference group) and years of education (continuous for descriptive purposes and trichotomized to ! 8, 8-12 and 1 12 for the generalized estimating equation, GEE, analysis described below, with 1 12 years of education the reference group) were used as covariates due to their known associations with cognitive performance and impairment [20, 21] . The covariates, and baseline MMSE, are summarized in table 1 , by diabetic status and CDR status.
GEE were used to model the MMSE scores over time within each CDR group. GEE is a generalization of the linear regression models that also accounts for within-subject correlation among the MMSE scores for a person over time. GEE provide consistent estimators of both the regression parameters and their corresponding variances, which are necessary for valid statistical inference. When fitting the GEE, we specified an arbitrary within-subject correlation matrix to obtain consistent estimators of the regression parameters, and then used the residuals based on the provided estimators to calculate the variances of the estimators.
Statistical Analysis
This study included all available data from an ongoing longitudinal study; so, the starting point of each subject was the entry into the longitudinal study, and the 'end point' was the last observation within the relevant CDR category, as described below.
We analyzed the baseline covariates overall and by diabetes status and CDR status. For continuous covariates such as baseline age and MMSE, we used 2-sample t tests to compare the means of the diabetic and nondiabetic groups. We assumed unequal variances and used Satterthwaite's method to provide approximate degrees of freedom. For categorical covariates such as gender, race and level of education, we used the Pearson 2 test to compare the differences between diabetic and nondiabetic subjects.
The GEE models had the MMSE scores at successive follow-up time points as dependent variables and diabetes status, the followup time from baseline and the interaction between the diabetic status and time as independent variables, controlling for MMSE at baseline, age at baseline, gender, race and education. Positive diabetes diagnosis was the reference group for diabetes status. Thus, a significant result for the coefficient of the follow-up time would signify a significant change over time in MMSE in the diabetes-positive group. Likewise, a significant result for the coefficient of the interaction between the follow-time and the diabetic status would signify a significant difference in rate of MMSE decline in the diabetes-negative group compared with the diabetespositive group. SAS GENMOD (procedure for the generalized linear models) was used to fit the GEE. For each group, a figure presents fitted models for change in MMSE over time for subjects with and without diabetes, with the covariates evaluated at the mean levels obtained from the overall sample.
Since the objective of the study was to examine the relationship of diabetes with cognitive decline within each stage of dementia course, primary analysis was limited to the first CDR category in which the subject had at least 2 observations. No distinction was made between subjects who had additional observations in other CDR categories, subjects who dropped out within a CDR category and subjects who are continuing to participate in the ongoing longitudinal study and have not yet changed to a higher CDR. Mixed regression models were used to address the discrepant spacing of observations in different individuals within the same CDR category.
For the primary analyses, a separate GEE was fitted for each of the CDR groups. MMSE observations for a subject were included in an analysis until a later CDR score differed from the baseline CDR score. Nonetheless, in the event of a sequence of 5 CDR observations, for which the first 2 and last 2 fell into the same CDR group, but the middle CDR score differed, all 5 MMSE values were included in the analysis. The consistency of the similar CDR observations was sufficient to disregard the apparent exception in the middle. In secondary analyses, instead of restricting the analysis to each subject's initial CDR group, a subject who moved from one CDR group to another at the follow-up could contribute data for analysis of more than one CDR group, as if he or she were a different subject in each group. If a subject had more than 1 sequence of at least 2 observations in the same CDR group, only the longest was selected for analysis. If they were of equal length, the first following a lower CDR group was selected. This increased the numbers of subjects in the questionably demented (from 58 to 64) and demented groups (from 89 to 107).
Results
As presented in table 1 , of the 342 subjects, 51 (14.9%; mean age = 86.4 years, mean years of education = 13.5) had a diagnosis of diabetes, and 291 (85.1%; mean age = 81.8 years, mean years of education = 12.2) did not have a diagnosis of diabetes. The mean age of the entire sample was 85.7 years (SD = 7.3) at baseline, and the mean education level was 13.3 years (SD = 3.65). For the entire sample, subjects with a diagnosis of diabetes were younger (p = 0.001), less educated (p = 0.01), with a lower baseline MMSE score (p = 0.003) and with a lower percentage of Caucasians (p = 0.003).
The sample was stratified by CDR score at baseline. One hundred ninety-five subjects were nondemented at baseline (CDR = 0), 58 subjects were questionably demented (CDR = 0.5), and 89 were mildly to severely demented (CDR 6 1). In separate comparisons by diabetes status for the three CDR score groups, there were no significant differences in the level of education. Diabetic subjects in the CDR = 0 group were younger (p = 0.009, t = 2.91, d.f. = 18.5), included fewer female subjects (p = 0.005, 2 = 7.86, d.f. = 1) and had a lower MMSE score at baseline (p = 0.03). In the CDR = 0.5 group, diabetic subjects did not differ significantly from nondiabetic subjects in age, education, baseline MMSE, gender or race. The CDR 6 1 diabetic subjects tended to be younger (p = 0.051) and included fewer Caucasian subjects (p = 0.04). Table 2 presents the parameter estimates of the included covariates (age, gender, education, race) and the independent variables (diabetic status, time and diabetes by time) for each of the three groups. In the nondemented (CDR = 0) group, there was no significant time effect or interaction of time with diabetes status. The only significant predictor of MMSE decline was baseline MMSE (p ! 0.0001). The lack of significant changes over time or interaction of diabetes status with time indicates that individual differences in baseline MMSE were maintained throughout the period in which participants were nondemented.
In the questionably demented (CDR = 0.5) group, there were a strong time effect (p = 0.0001) and diabetes by time interaction (p ! 0.0001) with diabetic subjects declining by 2.3 more MMSE points per year compared to nondiabetic subjects. Education also had a significant relationship with baseline MMSE in the questionably demented group, with lower MMSE scores for subjects who had not attended high school or had not gone beyond high school (each p = 0.03) compared to subjects with more education. The association between baseline MMSE and rate of MMSE decline approached significance (p = 0.008) in this group. Reference groups are as follows: gender -male; education -education >12 years; race -white; diabetes status -positive diabetes diagnosis. est. = Estimated; SE = standard error.
In the demented (CDR 6 1) group, there were a time effect (p = 0.01) and diabetes by time interaction with nondiabetics declining at a faster rate (1.4 points per year; p = 0.04) than diabetic subjects. Baseline MMSE was predictive of MMSE decline (p ! 0.0001).
In secondary analyses, in which a single subject could contribute data for analysis in as many as three CDR categories, the diabetes by time interaction results remained essentially identical for the CDR = 0.5 group. Diabetic subjects in the CDR = 0.5 group declined significantly faster in MMSE scores compared to nondiabetic subjects (estimate = 2.03; p ! 0.0001, Z = 4.70). Diabetic subjects in the CDR 6 1 group did not differ in their rates of decline when compared to nondiabetic subjects (estimate = -0.49; p = 0.4, Z = -0.84).
Discussion
For diabetic subjects with questionable dementia at baseline, the rate of cognitive decline as measured by the MMSE was significantly faster relative to nondiabetic questionably demented subjects (2.3 more MMSE points per year). In contrast, for demented subjects, nondiabetics declined slightly faster than diabetics in one analysis (1.4 more MMSE points per year). Decline in MMSE score was not observed in diabetic as well as nondiabetic subjects with no dementia. Results did not change for the questionably demented subjects when using an alternative analysis with a larger sample size. For demented subjects, the results for the larger sample did not show a significant association of diabetes with the rate of cognitive decline.
These results suggest that diabetic elderly individuals in predementia stages may be at higher risk for further cognitive decline compared to nondiabetic individuals. Since there are no differences in cognitive decline in the nondemented subjects between diabetics and nondiabetics, the results may suggest that the contribution of diabetes in this group is not profound enough to affect clinically evident cognitive decline, but may rather be an exacerbating condition once cognitive deterioration has already begun. It is also possible that the MMSE is not sensitive enough to detect subtle effects of diabetes on cognition in subjects with CDR = 0, as suggested by the very low variation among subjects' slopes. Lack of variation in the rate of MMSE deterioration in this group can be explained by sufficient cognitive reserve [22] to compensate for the potential detrimental impact of diabetes. Of note, however, is that cognitive stability was found in other longitudinal studies of cognitively intact elderly individuals even when cognitive function was also assessed by a broader neuropsychological battery [23, 24] .
In contrast, both the CDR = 0.5 and CDR 6 1 groups had substantial variation among subjects' slopes, permitting detection of deleterious effects of diabetes if present. No significant interaction of diabetes with MMSE change over time was found consistently in the CDR 6 1 group; perhaps in individuals with frank dementia, the brain might be sufficiently compromised by neuropathology so that any additional impact of diabetes becomes inconsequential to cognitive function, at least as measured by the MMSE.
It is also important to note that in the diabetes group, MMSE deterioration occurred within the same CDR category (CDR = 0.5). Change of CDR category from 0.5 to 6 1 reflects decline in functional status. Decline in MMSE score in the absence of functional decline may represent a transitional phase in the course of cognitive deterioration, during which the efficacy of strategies introduced earlier in the course of diabetes -before any observed cognitive deterioration -may be most measurable. Alternatively, this may indicate that there is an optimal stage for the introduction of dementia prevention strategies in diabetic subjects, that is when the earliest signs of cognitive change occur but before functional decline sets in. This would underscore the importance of routine cognitive assessment in elderly diabetic subjects.
In all CDR categories, age did not affect the rate of MMSE deterioration. This finding is consistent with reports from several other studies [25] [26] [27] [28] [29] and suggests that the role of age as the most important risk factor for dementia [30] may not necessarily overlap with its role in disease progression.
Previous studies assessing the association of diabetes with the rate of cognitive decline have reported conflicting results. Some studies have reported that diabetes affects the rate of cognitive decline (as measured by the MMSE), though effect sizes varied. In two large-scale, population-based studies, a higher rate of cognitive decline was detected in diabetic versus nondiabetic subjects using the MMSE; however, the MMSE had limited sensitivity relative to other tests (Digit Symbol Test or Trail Making Test) [31, 32] . Similarly, in a 4-year follow-up study of subjects with normal cognition at baseline (MMSE 1 26), diabetic subjects were likely to decline on domain-specific tests such as the Auditory Verbal Learning Test (assessing memory), Finger Tapping Test (assessing psychomotor speed), Digit Symbol Substitution and Test of Facial Recognition (assessing attention) but not on the MMSE [1] . Differences in the extent of effects of dia-betes on different tools for cognitive assessment may be attributed to lower sensitivity of the MMSE (or modified MMSE) compared to more detailed or taxing measures of cognitive function and possible ceiling effects; however, it should be taken into consideration that in the above-mentioned studies, subjects were not stratified according to baseline cognitive status. Thus, as suggested by our results, effects of diabetes on cognition, and on MMSE in particular, might have been masked in these other studies by a combination of different dementia levels in subject groups at baseline.
Other studies have also reported no association between the rate of MMSE score deterioration and diabetes status [33] [34] [35] . Such results may be attributed to inclusion of subjects with a wide age range at baseline (42-89 years) [33] , an overtly restrictive definition of cognitive decline (i.e. 6 2 MMSE points per year) on an instrument with limited sensitivity [34] and a lack of stratification using functional and global scales such as the CDR [35] .
Domain-specific neuropsychological tests may be more sensitive than the MMSE in certain subject populations. However, diabetes has been hypothesized to contribute to cognitive decline through several mechanisms [36] [37] [38] [39] and by more than one brain pathology (vascular pathology as well as atrophy) [40] . Different pathologies may be associated with different patterns of decline in specific cognitive domains [40] . Under these circumstances, a multi-domain test such as the MMSE, which assesses orientation, registration, attention and calculation, recall, language and praxis [15] , may be effective enough for use as a screening tool; the current study demonstrates that the MMSE has adequate sensitivity to be used in patients with questionable or early-stage cognitive impairment (CDR = 0.5).
The main limitation of our study is the lack of more detailed information on diabetes, such as duration of disease, glycemic control, long-term antidiabetic medication use, weight and diet, factors that may be mediators of the relationships between diabetes and cognitive decline. This is particularly relevant with regard to medication use, which has been associated with AD neuropathology [41] . Measurement of the effect of antidiabetic medication and other diabetes characteristics and complications on clinically assessed cognition requires application of methodologies different than the one used in our study and much larger patient populations. An additional limitation was that while the effect of macrovascular pathology was partly abated by the exclusion of patients with cerebrovascular disease at baseline, the potential contribution of incident macrovascular, as well as microvascular pathology to cognitive decline was not measured in this study.
This study characterizes the effect of diabetes on cognitive decline in persons constituting a large and rapidly growing segment of the elderly population [16] . Nursing home and assisted-living residents have been reported to differ from community-residing elderly individuals in some measures of morbidity and mortality [42] [43] [44] . This is particularly relevant to medication use and control of disease, since the direct care settings provide strict medication and laboratory follow-up management to all residents, irrespective of their cognitive status. However, the differences in level of care, mortality and morbidity also raise the possibility that the results reported here may not be entirely applicable to community-residing elderly individuals.
Our study demonstrates that a simple, easily administered screening tool has adequate sensitivity to monitor cognitive changes in diabetic elderly subjects with subtle or early-stage cognitive impairment. This tool can be used as part of a routine follow-up in such populations, enabling assessment of feasibility and cost-effectiveness of antidiabetic treatments in dementia prevention or amelioration. Implementation of strategies for routine follow-up of other diabetes-related complications has enabled the assessment of the risk-benefit ratio of antidiabetes treatment in their prevention or amelioration [45] . Interestingly, despite potential advantages, cognitive assessment is still not recommended routinely in diabetic patients [45, 46] .
Possible implications of our findings include: (1) in questionably demented individuals who suffer from diabetes, the MMSE, an easily administered cognitive screening tool, should be considered for routine followup of cognitive status; (2) in elderly diabetic subjects, the effects of treatments aimed to prevent, moderate or postpone dementia may most easily be measured (with a simple and easily administered tool) in questionably demented individuals, and (3) future studies should identify optimal tools for routine measurement of cognitive decline in nondemented and demented diabetic populations and their interactions with functional status.
